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OPERATIONS PLANNING SIMULATION MODEL STUDY
(Contract NASB-31102)

This is the final report of Contract NAS8-31102 and is submitted
by the Grumman Aerospace Corporation, Bethpage, N. Y., in accordance

wilth the terms and conditions of the contract.
The final report is packaged in six (€) volumes, entitled:
Volume I - Long Duration Exposure Fscility (LDEF), Payload
No, ST-01L-4
Volume II - Life Sciences Shuttle Laboratory, Payload
No, LS-09-5
Biomedical Experiments Scientific Satellite,

Payleoad No. LS-02-A

Volume III - Dedicated Solar Sortie Mission (DSSM), Payload
No, S0-01-8

Volume IV~ Magnetic Spectrometer, Payload No. HE-15-S
Volume V - Mariner Jupiter Orbiter (MJO), Payload No. PL-12-A

Volume VI ~  Expanded Functional Flows and Descriptions



- ORIGINAL PAGE IS
SUMMARY OF POOR QUALITY

I Study Objective

Requ

The objective of the Study was to evaluate the Lavnch Site Faecility
irements Data Sheets for selected Automated and Sortie Payloads,

The Study achleved the objective by :

Expanding the NASA launch site Level 0 functional Tlow activities to

a depth required to identify payload launch site facility and support
requirements (Volume VI containe the generic functional flow activities
for Automated and Sortile payloads).

Conducting analyses of the payload definitions conteined in the Ievel B
Date 1ssued by SSPD from the launch site ground processing viewpoint,

Processing the payloads through the expanded functional flow activitles,
and identifying the launch site facility and support requirements.

Comparing the generatéd requiremente with those contained in the Launch
Site Facility Requirements Dats Sheets,

Recommendations

IT Study .

o

Recommendations from the Study include:

Expansion and revision as appropriate of the Level B Data (SSPD) to
define in detail the paylosd ground requirements, based upon the
launch gite funetional flow activities, as well as rerforming Level II
(not Level III) integration at the lsunch site, _ -

Specific data sheets involved are:

-

On-Orbit Checkout/Monitor/Control Equipment (Date Sheet No, A-Q and
A-12) .

SKEICHES (Data Sheets No. A-10, S-5, and S-6), with emphasis on the
configurations at launch site arrival and installed in Orbiter cargo
bay, .

Interface Diagrams (Data Sheet No. S-7) showing the interfaces for
monitoring and checkout during launch site ground processing.

Date and Communications Checkout and Deployment Support/On-orbit
Operations Support (Date Sheets No, A-1h, A-15, 5-19, and S-20).

leunch/Ianding Support Requirements (Data Sheets No. A-18 and S-22),
Ground Facility Requirements {Data Sheets No. A-19 and S-23),

Ground Envirommental Limits (Data Sheets No. A-20 and Sa-2k),



SUMMARY (Continued)

IT Study Recommendations (Cont'd.)

o Definition and descriptions to Level 4 or 5 of the launch site
functional flow activitles. -

o Investigetion of payload ground requirements at the launch site

which sre identifled as cost drivers for ground processing in this
report.

IIT Future Investigative Areas

Cost effective processing of payloads at the launch site requires
further studies and analyses. One area which would provide fruitful resulits
is the generation of detail scenarios of representative payloeds by disciplines
for Payload Working Groups approval/modification. These detail scenarios
would include the ground processing for:

Block 1.0 Activitles « Payload Premission Processing

Block 2.0 Activities - Orbiter/Paylosd Integration and Checkout
Block 3.0 Activities - Prelaunch and Leunch Operations

Block 4.0 Activities -~ Recovery Operations

Block 5.0 Activities - Post Mission Processing

Q Qo 0o

Descriptions and required outline drawings wéuld be proﬁided to define in
detall such ground functlions and configurations as: :

o Payload and assoclated ground control and support equipment launch site _
arrival configurations, transportation and envirommental modes, and )
arrival servicing and inspection/monitoring requirements, ‘

Payload calibration

Monltoring

Checkout

Servicing _
Intra«launch site transportation

Q0000

The Grumman Aerospace Corporation would be pleased to assist the NASA/
MSFC in performing additlonsl studies and analyses to implement effective
payload ground processing.



MISSION #1k -~ LIFE SCIENCES SHUTTLE LABORATORY (1L.8~09-8)

SORTIE PAYLOAD

BIOMEDICAL RXPERIMENTS SCIENTIFIC SATELLITE (IS-02-A)

AUTOMATED PAYLOAD

FUNCTIONAL' FLOW DESCRIPTIONS AND PAYLOAD

REQUIREMENTS FOR GROUND AND IAUNCH SUPPORT FACILITIES

Block 1.0 Activities - Payload Premission Processing

One of the baselines of the Study.is the Definition and Requireﬁents
Data Level B. The June 1974 issue of Level B Data for the Biomedical Experiment
Scientific Sateliite (BESS) - 18-02-A - indicates experiment chéracteristics are
in major revision, and revised Level B data sheets will be prepared as soon as
possible. Thus, the BESS is not incorporated in the Study at this time.

A review of the Level B data (dated June 197L4) for the Life Sciences Shuttle
Laboratory (LSSL) and the “Spacelab, Preliﬁinary'Technicaerescription for use in
Payload Accommodation Studies" (June 1974) document reveals inconsistent data.

For example, the LSSL lLevel B'data indicates a leboratory of some 25 feet long,

whereas the Spacelab document indicates a combined core ahd experiment segments

length of about 17.6 féet with a portion of the core segment uséd-foruits subgsystems
(EPDS, CDMs; and ECS). For the purposes of this Study, the assumption is made that
the LSSL Level B dats will fit into ‘the Spacelab combined core and experiment segments.
The LSSL level B data addresses the Medical Emphasis Mission which defines
the Life Sciences Shuttle Laboratory for the ground and launch support facilities
Study.
In keeping with the ground rules that all Spacelab elements except pallets
are procegsed by launch site personnel, the LSSL experimepts in the form of
standard racks/;onsoles (62 feet high, 2 feet wide, and 2 feet deep) arrive at
the launch site, and are installed in the core and experiment segments.

An overview of procesgsing the LSSL racks/consoles follows:



Individual racks/consoles interfaces are verified.

Racks/consoles are mounted on the Cargo airplane-type floor
segments of the Spacelab core and experiment segments, and
interfaces between racks/cansoles mated.

Interfaces of the grouped racks/consoles are verified.

Grouped racks/conscles are loaded into the Spacelgb core and
experiment segments, using the rack asgsembly loéding/unloading
fixture described in the Spacelab Preliminary Téchnical bescription
document.

Interfaces between racks/consoles and Spacelab core and experiment

seguents are mated and verified.

ORIGINAL PAGE IS
OF POOR QUALITY



Block 1.1 Configure Experiment Section Pressure Shells

Bleck 1.2 Support Section/Experiment Section Pressure Shell Verifiecstion
Block 1.3 Liaison Pallet Verification

The above blocks are not applicable to the LSSI, experiments.



Block 1.4 Receive and Ingpect Racks/Rack Sets/Floor Assemblies and

Specisl Experiment Sectiohs

'ﬁlock 1.%.1 Racks /Rack Sets/Floor Assemblies and Special Experiment Sections

(heréafter referred to as Experiment Equipment) arrive at Launch

Site via Commercial Truck

The LSSL experiment equipment 1s generally either rack mounted in standard
racks or consists of consoles which are 6% feet high, 2 feet wide, and 2 feet
deep. There are a total of eleven (11) standard racks/consoles. In addition,
the experiment equipment contains an Internal Centrifuge (12.7 feet diameter,
2.7 feet wide) which mounts at the aft end of the Spacelab experiment segment.

Figure 1-1 shows a typical rack, and an outline of the centrifuge.
Non-operating environmental limits are TBD (Data Sheet #5-9, dated May 197h4),
however, it ig assumed that in normal shipﬁing containers, the Experiment
Equipment will not be damaged by truck_transpdrfation which is selected on basis

of economy,

i
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Block 1.k4.2 Unload Experiment Equipment from Commercial Carrier and Place

in Temporary Storage

The equipment racks/consoles are unloaded from commercial trucks, placed
in closed-body trucks, moved to protected temporary storage. Due to its size
and weight, the centrifuge (14 feet in diameter, 4 feet deep; weight - 1,000 1bs.)
requires special attention; the transport of the equipment racks/conscles is

routine.

Ground and Launch Support Facility Requirements

Facility Requirements

o Temporary protected storage area (hangar type satisfactory).
- 54 feet long, 14 feet wide, 8 feet high for racks/consoles.

- 16 feet long, 6 feet wide, 16 feet high for centrifuge.

Support Reguirements

) Mobile crane (2,000 lbs. capacity)

¢ Fork 1lift truéks |

0 2% ton, closed body trueck

o} Centrifuge shipping container hoisting sling

o Operators for cr‘ane, 2% ton truck, fork 1ift truck
o] Riggers

o} Inventory management.



Block 1.4.3 Transport Experiment Equipment from Temporary Storage

to Receiving Area of PPF

The eguipment racks/consoles and centrifuge are removed from temporary
storage and transported to the receiving area of the PFF to meet the requirements
of the Orbiter launch schedule.

In addition to following the overview described in Block 1.0 above, the
functional flow which follows generates an even distribution of work tasks
for unpacking, individual racks/consoles interface verification, and similar
functional operations in the PPF. The unpacking operation is accomplished in
series, the intefface verification in parallel, and the installation into the
Spacelab core and experiment segments in series.

Ground and Launch Support Facility Requirements

Facility Requirements

o] Recelving area of PFF.
- ?8 feet long, 1k feet wide, 8 feet high (for 4 racks/consoles).

also suitable for centrifuge)
0 Overhead or mobile crane at PPF (2,000 lbs. capacity)

‘Support Bequirements

o Mobile crane at storage area (2,000 1lbs. capacity)

0 Fork 1ift trucks at storage area and FFF

o 2% tons, closed body truck

o  Operators for crane, fork lift truck, and 23 ton truck
(o} Riggers

o] Inventory management,



Block 1.4.k Unpack Experiment Equipment and Place on Mbﬁable Dolly

The racks/consoles are uncrated and placed on movableldollies.
Due to its size and weight, the centrifuge requires a special holding fixture,
preferably equipped with wheels so that it cén be towed. It is anticipated that
this fixture is required at the Central Integration Site (C18), and would be a

porticn of the LSSL GSE shipped from the CIS to the launch site.

Ground and Launch Support Facility Requirements

Facility Reguirements

0 Receiving srea

- il feet long, 1L feet wide, 8 feet high (for uncrating are rack/console)
- 16 feet long, 16 feet wide, and 18 feet high (for centrifuge)

) Overhead crane (2,000 lbs. capacity)

Support Requirements |
o Fork 1ift truck

o Movable dollies for racks/conscles

0 Hoisting sling for centrifuge shipping container and centrifuge

o. Centrifuge holding fixture

o - Procedures and tools for unpacking racks/consoles and centrifuge

o] Procedures and tools for hoisting and installing centrifuge in its

holding fixture

i
1

o Operators for crane and folk 1ift trucks
o Riggers
o) Mechanical Technicians.
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SUMMARY -

I Study Objective

The objective of the Study was to evaluate the Launch Site Facility
Requirements Dats Sheets for selected Automated and Sortie Payloads,

The Study achieved the obJective by:

requirements (Volume VI contains the generic functional flow activities
for Automsted and Sortie payloads).

0 Conducting analyses of the payload definitions contained in the level B
Data 1ssued by SSPD from the launch site ground Processing viewpoint,

o Processing the Payloads through the expanded functional fliow activities,
and identifying the launch site facllity end support requirements,

0 Comparing the generated requirements with those contained in the Launch
Site Facility Requirements Data Sheets,

Study Recommendations

Recommendations from the Study include:

© Expansion and revision as appropriaete of the level B Data (SSPD) to
define in detail the payload ground requirements, bessed upon the e
launch site functional flow activities, as well as rerforming Level IT
(not Level IIT) integration at the launch site. -

Specific data sheets involved are:

- On-Orbit Checkout/Monitor/Control Equipment (Data Sheet No. A-9 and
A-12) :

- SKETCHES (Data Sheets No. A-10, 8-5, and S<6), with emphasis on the
configurations at launch site arrival and installed in Orbiter cargo
bay.

-~ Interface Diagrams (Data Sheet No. 8«T) showing the interfaces for
monitoring and checkout during launch site ground processing,

- Data and Communications Checkout and Deployment Support /On-orbit
Operations Support (Data Sheets No, A-1k, A-15, 5-19, and 8-20),

Leunch/landing Support Requirements (Data Sheets No. A-18 and S22},

- Ground Facility Requirements {Data Sheets No. A-19 and 8-23),

Ground Environmental Iimits (Data Sheets No, A-20 and S5=24),



SUMMARY (Continued)

11 Stud Recommendations (Cont‘d.)
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Block 1.4.%.1 Transport Experiment Equipment Shipping Containers to

Temporary/Long-Term Storage

This block removes the racks/consoles and centrifuge shipping containers

- from the receiving area of the PFF, and returns them to temporary protective

storage {one to two months). It is assumed that after the seven day orbit

mission, the shipping containers will be reused to return the racks/consoles

and centrifuge to the NASA LSSL Development Center.

Ground and Launch Support Facility Requirements

Facility Requirements

Q

Protective Storage area

- Same as Block 1.4.2 above.

Support Requirements

(e}

o}

Mobile crane at PFF and storage area (1,000 lbs. capacity)
Fork 1ift trucks at PPF and storage ares

Eé-ton, cloged body truck

Centrifuge Shipping Container Hoisting Sling

Operators for crane, 23 ton truck, and fork 1ift truck
Riggers |

Mechanical Technécians

Inventory Management

Procedures and tools for reassembly of shipping containers,



Block 1.k4.5 Conduct Visual Inspection and Record Transport Sensor Reading to

Verify Post-transportation Integrity of Experiment Equipment

Level B data does not specify transport sensors in thelLSSL; however, it
is anticipated that sccelercmeters and desiceants and the like will be installed
to verify post-transportation integrity.

The date of these sensors are recorded and visual inspection of the

racks/consoles and centrifuge is performed.

Vit
Ground and Luanch Support Facility Reguirements

Facility Requirements

o None

Sﬁpport Requirements

o Procedures and inspection tools (flash light, mirror, etc.) for recording
sensor and performing vigual inspection;

0 Mechanical Techniciansg.



Block 1.4.6 Move Experiment Equipment to Checkout Area in PPF

The racks/cansoles and centrifuge are moved from the receiving area to the
checkout area in the PPF. The racks/consoles are on movable dollies which may
be moved by hand. The centrifuge is in its movable holding fixture which requires

a tow tractor.

"Ground and Launch Support Pacility Requirements

Facility Requirements

o} PFF Checkout Area
- 38 feet long, 14 feet wide, 1k feet high (for racks/consoles and

centrifuge verification tests accomplighed in series).

Support Bequirements

o Tow tractor for Centrifuge Holding Fixture
o Operator for tow tractor

o Mechanical Technicians



Block 1.4.20  Experiment Equipment GSE arrives at Launch Site via .
I
The LSSL GSE arrives at the launch site via commercial truck, which is

selected as the transportation on the basis of economy.

Level B data does not contain definition of L3SL GSE. For Study purposes,
the LSSL GSE configuration to verify racks/consoles and centrifuge interfaces
is shown in Figure 1-2, '

Level B data identifies various specimen preparation and receiving laboratories
(Data Sheet #5-22) required for the LSSL, and indicates these items are similar to
those used for Skylab and Biosatellite. Further definition is not contained in
the Level B data, andltherefore these GSE items are not covered in the Study.

It is recommended that a detailed fuﬁctional flow diagram be prepared for
ground processing of~5pecimens at the launch site to determine appropriate

facility requirements.

Ground and Launch Support Facility Requirenments

The block establishes initial conditions of the LSSL GSE upon arrival at
the launch site, and does not require ground and launch support facility

requirements.
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Block 1.4.21 Unload GSE from Commercial Carrier and Place in Temporary Storage

The LSSL GSE, assumed to be three racks of electrical equipment (Figure 1-2),
is uwnloaded from commercial truck, loaded in 2% ton closed bedy trucks, and moved

to temporary protected storage until required for PFF processing.

Ground and Launch Support Facility Requirements

Faciiity Requirements

) Protected storage area (hangar type satisfactory)

- 36 feet long, 14 feet wide, b feet high

Support Reguirements

o 2% ton, closed body, trucks
.o Fork 1ift trucks

o} Operstors for trucks

o} Inventory Management



Block 1.4.22 Transport GSE from Temporary Storage to Receiving Area of PPF

As required for LSSL processing, the LSSL GSE is moved from temporary

storage to the recelving area of the PPF,

Ground and Launch Support Facility Requirements

Facility Requirements

o) PPF receiving area (area for two electricel LSSL GSE racks)

- 24 feet long, 14 feet wide, 4 feet high

Support Reguirements

o} Fork 1lift trucks
o Trucks {23 ton, closed body)
o  Operators for fork 1lift trucks and 2} ton trucks

o Inventory Management



Block 1.Lk.23 Unpack GSE, and Place on Movable Dolly

In the receiving area of PFF, the LSSL GSE is unpacked, and placed on

movable utility dollies.

Ground and Launch Support Facility Requirements

Faellity Regquirements

e’ None

Support Requirements

o Fork 1lift trucks

o Movable utility dollies (5 feet long, 3 feet wide)
o Operators for fork 1lift trucks

o} Tocls and procedures for uncrating LSSL GSE

o) Technicians for uncrating operstions.



Bloek 1.4,23.1 Transport GSE Shipping Containers to Temperary'Storage

After uncrating the LISL GSE, the shipping containers are transported from
PFF to temporary storage. It is anticipated that the LSIL GSE will re-use the
shipping containers after Orbiter launch for return of LSSL GSE to the KASA

L3sL Development Ceﬁter.

Ground and Launch Support Facility Requirements

Facility Requirements

0 Temporary storage aresg

- 36 feet long, 1 feet wide, L4 feet high

Support Requirementg

o Férk 1if't trucks

©  Trucks (2% ton)

©  Operators for fork 1ift trucks and 2% ton trucks
o] Inventory Management

e} Tools and procedures for reagsembly of shipping conﬁainers.




Bloek 1.4.24  Conduct Visual Inspection and Record Sensor Readings to

Verify Pogt-transportation Integrity

The assumption is mede that the L8SL GSE has no installed transport sensors,
S0 sensor recordings are not applicable.
A visual inspection of the LSSL GSE is made to verify post-transportation

integrity.

Ground and Launbh Support Facility Reguirements

Facility Requirements

0 None

Support Requirements

o Procedures and inspection tools {flash light, mirrors, ete,) for performing
visual inspection.

o Technicians for conducting inspection.



Block 1.4.25 Move GSE to Checkout Area of PPF

The LSSL GSE, mounted on movable utility dollies, is moved from the

receiving area to the checkout area in the PFPF.

Ground and Launch Support Facility Requirements

Facility Requirements

0 PPF Checkout Area

- 20 feet long, 12 feet wide, 5 feet high for utility deollies

Support Requirements

0 Mechanical Technicians

‘%4:{.:
o I



Block 1.5 Load and Verify Flight Software

It is felt that this block includes some interface with Experiment Equipment,
and as the Experiment Equipment has not yet been installed in the Spacelab,
this block will be inserted later in the flow (See Block 1.5 insert between

Blocks 1.12 and 1.13).



Block 1.6 Racks /Rack Sets/Floor Assembly Installation

Note: This block has been changed to inelude a verification test of
Racks/Rack Sets/Floor Assemblies interfaces prior to installation
into the Spacelabh. The Justification of this change is that
malfunction detection 1s more econcomical and has less probability
of Impacting the Shuttle lsunch schedule when performed on a
“build*up” basis instead of on a "system" basis. In addition,
the equipment%yééiéliot been functionally checked since launch
site arrival, and to delay the check until after installation
into the Spacelab appears to invite duplication of installation/
removal activities and resulting increases in time requirements
and costs for ground operations.

The concept is to functionally verify the interfaces of the individual
Racks /Rack Sets/Floor Assemblies prior to installation into the core and
experiment segments 6f the Spacelab, and after installation, to perfornm a
Tunctional end-to-end verification of fhe interfaces between the installed
equipment and Spacelab and Orbiter.

Block 1.6.1 through Block 1.6.5 cover the before installation verification,

and Block 1.6.9 through Block 1.6.12 cover the after installation verification.

R
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Block 1.6.1  Perform Functional Check and (alibration of GSE

It is assumed that ‘he LSSL GSE'requires ne calibration, and that the
functional check of the LSSL GSE is ‘onducted using standard test e ipment.
Since the definition of LSSL GSE is [(BD, the requirements for standard test

equipment is TBD at this time.

Ground and Launch Support Facillity Requirements

Facility Requirements

0 Electrical Power - TRD

o Calibration Lab ~ TBD

Support Reguirements

o ' Standard test equipment - TBD
o~ Checkout/Calibration Procedures - TED

o Technicians to perform checkout/calibration.

Block 1.6.2 Connect GSE to Pallet Sections Requiring Calibration, and

Calibrate Pallet Sections

. . . s
Level B data of LSSL does not identify calibration requiréements for the

racks /consoles and centrifuge, therefore, these requirements are TH).

Ground and Launch Support Facility Requirements

o TED.



Block 1.6.3 Connect GSE to Experiment Equipment Interfaces

Block 1.6.4 Perform Verification Tests of Experiment Eguipment Interfaces

Block 1.6.5 Remove Experiment Equipment Verification GSE

These three blocks conduct the interface verification tests on the racks/
consoles and centrifuge. Level B data defines interfaces in broad terms, and
two cbncepts are described below. The first concept applies to either a rack
or a consocle whose only interface involves the Spacelab and conbtains no interfaces
with other racks or consoles. The second concept applies to racks and consoles
which contain both type interfaces, that is, contain interfaces with other racks
or consoles and also with the Spacelab.

First Concept (Racks/consoles interfaces with only Spacelab)

) Comnect GSE to racks/consoles interface.

o GSE furnishes power and signal input stimuli to racks /consoles,
and receives power from facility.

o] GSE receives output response from racks/consoleé and evaluates
racks/consoles pérformance.

o Disconnect.GSE.

A

Second Concept (Racks/consoles interfaces with other racks/consoles

o and with Spacelab)
) Connect GSE to racks/consoles interfaces to other ‘racks/consoles.
0 GSE furnishes power and signal input stimuli to racks/consoles, and

receives power from facility.
0 GSE receives output response from racks/consoles and evaluates

racks/conscles performance.

o Disconnect GSE.
) Mate interfaces between racks/consoles.
0 Connect GSE to racks/consoles interfaces to Spacelab.

o GSE furnishes power and signal input stimuli +o racks/consoles, and

receives power from facility.



Second Concept (continued)

o GSE receives output response from racks/consoleS‘and evaluates
racks/consoles performance.

o) Disconnect GSE.

Ground and Launch Support Facility Requirements

(Omitted are the requirements to support the Life Sciences Preparation and
Post-flight Receiving Laboratories. Typical requirements listed on Déta Sheet
#5-23 include water, LNp, Hp, Op, high pressure air, natural gas, COn, controlled
lighting, Vacuum, chilled water supply, and cqld storage. ‘See recommendation

contained in Block 1.4.20.)

Facility Reguirements

¢ FFF checkout ares
- L8 feet long, 24 feet wide, 7 feet high to support checkout of
three racks/consoles.
- Contingency for centrifuge checkout; 15 feet long, 8 feet wide,
15 feet high.

0 Electrical power - TBD.

Support Requirements

o Procedures and tools for mating/unmating GSE

0 Procedures for conducting interface verification tests
o Data/computer processing (parameters -~ TED)

o} Film storage

) Electrical/Mechanical Technicians.



Block 1.6.6 Inspect Experiment Equipment to Verify Configuration is

Correct for Installation into Spacelab

Note: This block has been expanded for the LSSL to include the
installation of the racks/consoles to the core and experiment
segments floor assemblies.

The racks/consoles and experiment segments floor'assembliés are verifieg
as to proper configuration, and positioned for installation of the racks/
consoles.

The racks/consoles are hoisted from their movable dollies, lowered onto
the floor assemblies and secured. If interfaces between racks/conscles require
wmating for securing the racks/consoles to the floof“assembiies, the interlaces
are re-united at the completion of mating racks/cansoles and floor assemblies,

The mounting of the centrifuge on a floor assembly is considered a special

case in that its support and floor mounting would be a dedicated design.

- Ground and Launch Support Facility Requirements

Facility Requirements

o Overhead crane (5,000 lbs. capacity)
o} PPF checkout ares
- 28 feet long, 20 feet wide, 8 feet high for racks/consoles

- 15 feet long, 8 feet wide, 15 feet high for centrifuge,

Support Reguirements

o} Inspection procedures, tools and configuratioﬁ descriptions /drawings of
racks/consoles and centrifuge.

o Core and experiment segments floor assemblies.

o Procedures and toocls for installing racks/consoles and centrifuge to
floor assemblies.

o} Fork 1ift trucks.

o) Hoisting slings for racks/cénsol&s and centrifuge.

o Movable floor assembly handling dollies.



Block 1.6.7 Attach GSE Handling Slings and Obtain and Posgition

Materials Handling Equipment

This block prepares the floor assemblies now containing the racks/consoles
and centrifuge for loading into the Spacelab.

The materials handling equipment for the loading operation is that
described in the "Spacelab, Preliminary Technical Description” document.
(Page 46 - Loading/Unloading Concept of Rack Assembly).

The hoisting slings aré attached to the floor assemblies.

The "Loading/Unloading Concept of Rack Assembly"” is placed in position to

load the core and experiment segments.

Ground and Launch Support Facility Requirements

Faeility Requirements

o} PPF checkout area
- 60 feet long (Spacelab - 37 feet, loading/unloading assembly - 20
feet, clearance - 3 feet), 21 feet wide (Spacelab - 15 feet,'clEarance
3 feet each side), and 20 feet high (Spacelab and stand - 18 feet,

clearance - 2 feet).

Support Requirements

O "Loading/Unloading Concept of Rack Assembly” - Tixture shown on page 46 -

| Spacelab, Preliminary Technical Description

o Hoisting sling for floor assemblies

o Procedures and tools for positioning "Loading/unloading Concept of Rack
Assembly"”

o Procedures and tools for attabhing floor assembly hoisting slings

o Riggers

o Mechanical Technicians.



Block 1.6.8 Move Experiment Equipment into Spacelab and Secure all

Interfaces; Remove GSE Handling Slings and Materials Handling

Equipment

This block movee the racks consoles and centrifuge into the core and
experiment segments, and mates the floor assemblies to the support structure
of the core and experiment segments,

Although the operational details of the "Loading/Unloading Concept
Rack Assembly" fixture are not defined, it is assumed that the racks/consoles
are manually handled on the fixture. For installation of the centrifuge, the
fixture appears not applicable, and an overhead créne positions the centrifuge

and its support structure.

Ground and Launch Support Facility Reguirements

Faecility Requirements

0 Overhead crane (capacity 2,000 1bs.)

Support Requirements

© Procedures and tools for operating '"Rack Assembly" fixture
0 Procedures and tools for mating floor assemblies

o] Procedures and tools for install&tion of centrifuge

o] Riggers

o] Operator for crane

o  Mechanical Technicians.



Block 1.6.9 Perform Functicnal Check and Calibration of GSE as Required

Biock 1.6.10 Connect GSE to Experiment Equipment

Block 1.6.11 Perform Verification Tests of Experiment Equipment Interfaces

Block 1.6.12 Remove Experiment Equipment Verification GSE

The blocks are not applicable to the LSSL, since the LSSL interfaces have

been verified prior to loading into the core and experiment segments.

Bleck 1.7 Mate Special Experiment Secticong

This bleck is not applicable to LSSL.

Block 1.8 Receive and Inspect Pallet Sections

This block is not applicable to LSSL.



Block 1.9 Install Crew Transfer Accegs Tunnel and Aft Bulkhead

This block is not applicable to the Study. However, the following

comments are offered,

The installation of the Access Tunnel requires forward and aft interface
connections, as well as a supporting structure between the interfaces. There
seems to be no provigions for these requirements in the funetional flow
descriptions; It is recommended that the Cargo Bay Simulator (cﬁs) be used
to support the installation of the Access Tunnel.. Its use would modify the
top level functional flow descripbions to include Tirst use of the core and
experiment segments instaslled in the CBS, and would eliminate the need for the
"Rack Assembly" fixture previously mentioned, since the loading of core and
experiment éegments could be accomplished using the CBS,.

With regerd to installing the Aft Bulkhead at this time in the functional
flow, it is noted that if any equipment change-odt is required, either in the
Spacelab subsystemf,or the LSSL, after this bloek (Block 1.9), such changed
equipment mustfgééei; the core/experiment segments either via the Access
Tunnel or the Access Hatch in the Aft Bulkhead. It should alsc be noted that
verification_tesfs using the Orbiter Simulator havelggj been conducted up to
this point in the functional flow._

It is recommended that installatién of the Aft Bulkhead be delayed until
after completion of Block 1.14 (Sgrvice Non-time Critical Itemé) and prior to
Block 1.15 (Perform Pressufe Integrity Tests).

LSSL Level B data does not define in detéil whether or not the installed
centrifuge at the Aft end of the experiment segment prevents access. If access
is clesed, considération should be given to installihg the centrifuge just prior
to Aft Bulkhead installation to permit maximum equipment change-out prior to

conducting the operations of Block 1.15 (Perform Pressure Integrity Tests).



Block 1.10 Mate Pallet with Pressurized Sections

Note: For the ISSL, this block is interpreted’to mate the racks/conseles
and centrifuge with. the Spacelab interfaces in the core an&,{'
experiment segments.

Tt is observed that the racks/consoles and centrifuge, on their floor
assemblies, were installed, and the interfaces between groups of racks/consoleé
were mated in Block 1.6.8 above. The interfaces between the core/experiment
segments and LSSL were not mated which are accomplished in this block.

It is assumed that the core/ekperiment segments side of these interfaées
have been verified. The racks/consoles and centrifuge interface sides were
verified prior to installing into the core/experiment segments.

Therefore, and based upon the above assumptions, the'interfaceﬁ between

core/experiment segments and the racks/consoles and centrifuge are mated.

Ground and Launch Suppart Facility Requirements

Facility Requirements

o) None

Support Requirements

o Procedures and tools for mating interfaces

o] Elecfrical Technicians



Block 1.11 Mate Pallet Sections with Liaison Pallet

This block 1s not applicable to LSSL.



Block 1,12 Conneet Orbiter Simulator

This block is not applicable to the study.

However, the following comments are offered: For the LSSL, some type
of "Holding Fixture" for the Spacelab 1s required during PPF processing.
It 1s recommended that this "Holding Fixture" be an Orbiter Cargo Bay Sim-
ulator (CBS) whose forward bulkhead duplicates the forward end of the
Orbiter Cargo Bay. This CBS forward bulkhead then serves as the interface
between the Ofbiter Simulator and the Spacelab.

The Orbiter Simulator consists of various rack-mounted equipments g:v
moveble dollies which simulate the Orbiter PSS/MSS equipment and payload
equipment loceted in the Orbiter cabin.

This block mates the Orbiter Simulator to the forward bulkhead of the

Cargo Bay Simulator (CBS).



Block 1.5 Load and Verify Flight Software

All equipmeﬁ£ is now assembled for flight software verification; that
is, the Orbiter Simulator duplicates the PSS/MSS stations and the LSSL
equipnent located in the Orbiter caﬁin, and the core/experiments segments
are complete. All interfaces have been mated and verified.

LSSL Level B data (Data Sheet #5-7) indicates interface functions with
the Spacelab Data Management & Communication System for déta storage énd
ground communicétions. As related to these functions, the flight software
is verified in this block.

It is anticipated that zoftware verification will be conducted by

launch site personnel, and is, therefore, not detailed here.



Block 1.13 Final Integrated Systems Tests

This block verifies the interface between the Orbiter Simulator and
those Spacelab elements which mate with the Crbiter Simulator. This defw-
inition is in keeping with the ground rule of verifying interfaces at the
launch site, and since all interfaée between the Spacelab and LSSL have
been verified previously in the functional flow activitles, the Final In-
tegrated Systems Tests involve only the interface at the Cargo Bay Similator
(CBS) forward bulkhead between the Spacelab and the Orbiter Simulator.
Those interfaces are based upon JSCOTT0OO, Vblume‘XIV, "Payload Aécommoda-
tions”,

The LSSL involvement in these tests is limited to electrical power
(1L8003) and data management {LSO02). In case it is not feasible to oper-
ate L3003 and L8002 for these tests, their operation would be simulated by
appropriate LSSL GSE. |

Ground and Leaunch Support Facility Requirenernts

Facility Requiremehts:
o None (from LSSL wviewpoint)

Support Regquirements:

0 GSE simuleted electrical power load (contingency)

f
o GSE simulated data menagement rig (contingency) :



Block 1.1h Service Non-Time Critical Items

The LSSL Level B data does not include non-time critical service items,
Candidates include various compressed gas cylinders, film,'chemicals, and
specimens (non~time critical) which do not require monitoring.

It is noted also that unless the functional flow activities are modi-
fied as recommended in Block 1.9, the aft bulkhead has been installed
thereby limiting access to the Spacelab via the Access Tunnel (assuming

the centrifuge prevents entry into the Spacelab via the aft bulkheed hateh).

Ground and Launch Support Facility Requirements

Facility Reguirements

0 None

Support Requirements

0 Procedures for storage/servicing LSSL non-time critical items

o Technicians



Block 1.15 Perform Pressure Integrity Tests

(As written, this block appears to duplicate interfacé verification
tests which have been completed in Block 1.13 ~ Final Integrated Systems
Tests, For instance, Block 1.13 hss verified all element interfaces and
subsystems performance, and it is assumed that these tests would have lo-
cated and corrected any pressure leaks in all system/subsystem plumbing
which is defined as a portion of Block 1.15 Pressure Integrity Tests. In
keeping with the ground rule of eliminating duplicate tests, it is suggested
that the activities in this block be limited to pressure integrity ﬁests of
the access tunnel, the core and experiment segments. ©Such a pressure in-
tegrity test would not involve the LSSL, and, therefore, is not detailed

here. )



Block 1.16 Disconnect Orbiter Simulator

(This activity disconnects the interfaces between Orbiter Simulator and
Spacelab, and secures the interfaces on the Spacelab. This activity does
not involve the LSSL, and, therefore, is not detailed here.

However, although not defined in the LSSL Level B data, the Orbiter
Simulator may contain rack-mounted LSSL equipment which is located in the
Orbiter cabin during the flight mission. The processing of this eduipment
follows below, and is defined as "LSSL Cabin Equipment".) |
Block 1.16.1 Disconnect interface between Orbiter Simulstor and LSSL Cabin

Fauipment. |
Block 1.16.2 Install protective devices on LSSL Cabin Equipment interfaces,

and secure interfaces for transport. |
Biock 1,16.3 Install profective covers on LSSL Cabin Equipment, and move

equimment clear of Orbiter Simulator.

Ground and Launch Support Facility Reguirements

Facility Regquirements:

o None

Support Requirements:

o} Procedures and tools for unmating LSSL Cabin Equipment
o  Procedures and tools for installation of protective devices/covers
o Protective devices/covers for LSSL Cabin Equipment

o  Electrical/Mechenical Technicians



Block 1.17 Move to OFF

(This activity moves the payload from the Payload Processing Facility (PPF)
to the Orbiter Processing Facility (OPF). Tt involves a transporter, protecti%e
covers, and GSE required during towing operations from PPF to OFF. (Three (3)
hours tow time allocated.) The transporter is assuméd to be the Cargo Bay
Simulator préviously described. Support for experiments during the_towing
operation can be divided into twé classes, namely support of experiments located
in the Experiment Module which is normally furnighed by an—actiVE Support Module
vhich, in turn, is supported by an active Orbiter, and support of experiments
pallet-mounted which, except for cleanliness support, receives support in a similar
manner.‘ Supplemental support aveilable to the payload in the form of igloos and
the like is not coﬁsidered at this time. |

The experiment support required during towing then may bé_classified
as: |

o Orbiter derived

o Cleanliness requirements

It is assumed that GSE which duplicates the Orbiter support is available,
and can bhe located to interfsce with the forward bulkhead of the Cargo Bay
Simulator during tow operations.

The experiment cleanliness requirements within the.Experimenﬁ Module will
be satisfied by the closed system (Access tunnel hatches ciosed). The Cabin
Experiment Equipment is transported separately, gnd not with the Spacelab.

The preparation of the Spacelsb within the Cargo Bay Simulator and the
towing operation from the PPF to the OFF is not considered an experiment-
related function, and thefefbre is not detailed.here., There remains the
cleanliness requirements for the pallet~mounted experiménfs which are detailed

below.



Block 1.17.1 Contingency mode for malfunction correction.

Block 1.17.2 Position GSE on trailer which accompanies Cargo Bay Simulator

during tow_from PPF to OFF,

Biock 1.17.3 Install protective covers on pallet-mounted experiments.

Block 1.17.4 _Connect GSE to protective covers.

Block 1.17.5 _Power up GSE and supply cleanliness requirements, and monitor

GSE output.

For the LSSL, the Level B data indicates ground environmental limits are
TBD (Data Sheet #35-24), Considering that the LSSL during the move from PFF to
OPF consists of racks/consoles, the centrifuge and non-time critical items
'stowed)and 811 of {this equipment in place in the core and experiment segments
with all hatches closed, - it is anticipated that the LSSL has no requirements
during the transfer operation.

Ground and Launch Support Facility Requirements

o] Tone.



1.0 Premission Processing

A, Storage Ares
AREA (Ft°)
{400}

o 54 ft. long, 1 ft. wide, 8 ft. high for racks/conscles. 16 ft. long,

6 ft. wide, 16 Pt. high for centrifuge. 36 ft. long, 1k ft. wide,
L4 ft. high for LSSL GSE.

TEMP( °K RELATIVE HUMIDITY(%) CLEANLINESS CTASS

(29743 = T4°F16) ( < 60) ( 100K)
o Study Llists no requirements for these parameters. It 1s assumed that

storage will be in hangar-type protected areas, and with the LSSL in
its shipping conmtainers, the Study concluded no environmental

requirements are needed.

B. Special Area Regquirements

(Notes 2 and 5 describe in-place Zooiog Lab used.for Skylab ‘Biosatellite
Pref’and Receiving Laboraﬁgries in 0&C Building. Stu@y confirms available
facilities.) |
Other

(Vacuum Chamber - TED)

0 Study does not list vecuum chamber as & requirément; Level B data

contains no reguirement for a wacuum chamber.



LAUNCH SITE FACILITY REQUIREMENTS (PHYSICAL)

2.0 Orbiter/Payload Mate and Integrate (Life Sciences Shuttle Lab)
(Storage Area 400 £t2, Temp 297 + 3°K, Humid 60, Cleanliness Class

100,000)
o In functional block 2.0 no function for storage is defined; therefore
the requirement does not exist (at this functional time). |

o Office

(6 Engr./Scientists, 9 Technicians)

Inéufficient information in Level B deta to recommend a change.



Block 2.0 Orbiter/Payload Integration and Checkout - Mission No. 14

The activities in this functional block begin Witﬁ the arrival of the
integrated payload elements of the Spacelab, at the mating area of the Orbiter
Processing Facility and include all those efforts required to physically and
functionally mate the payload to the Orbiter Payload Bay, and install any
equipment required for the mission in the Payload Specialist Station.

Pigure 2.2-1 graphicaliy depicts this flow,

The prerequisites for enteiing this block are as follows:

o All elements requiring integration have been integrated;

o} Required GSE, STE, facility services, and perSOnnel are avallable.

o  Orbiter processing has progressed to the fequired point in 1lts

turnaround flow and is ready to accept the Payload.

Block 2.1 Install'Payload in Orbiter Payload Bay

Conditions: Spacelab is in position and access stands are in place.
Block 2,1.1 Lock transporter in position and remove all transport covers.
Block 2,1.2 ~ verify no transport damage has been incurred and payload and associated
hardware is in a mate condition (visusl inspection). |
Block 2.1.3 With the overhead crane in position, attach the auxiliary crane control
to the hook and the hoisting GSE to the crane control. Raise the assembled
functional set and attach to payload holst points.
NOTE: Exercise caubtion to avoid demage to the access tunnel seal.
Block 2,1.4 Using the auwxiliary control, apply a load of TBD pounds as indicated
on the dial face. Unlatch all transportef hold down points and raise payload
clear of the transport unit.
Block 2.1.5 Hoist and position in payload bay. Us{hg the auxiliary control lower
onto the orbiter support points. ‘ | |
Block 2.1.6 Tnstall all related mission equipment in the Payload Specialist

Station.



FIGURE 2.2-1  ORBITER /PAYLOAD INTEGRATION
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‘Block 2.1.7 Secure all payload bay latches and verify.

Block

Bloeck

Block

Block

Block

Support Requirements Functional Block 2.1

Facilities
Floor space 840 sq. ft. (30 x 28)
Overhead crane 10 ton capacity

Ground Support EZguipment

Hoist Equipment, Functional Set
Stands, Access
Auxiliary Crane Control

Suggort

Crane Operator

Logistics

Procedures

2.2 Connect and Verify Orbiter/Payload Interfaces

Conditions: Spacelab is mechanically mated to the Orbiter and lstch down
has been verified.
2.2.1 Verify power off on both sides of the electrical interface. - When

verified, mate the Orbiter to Spacelab umbilicel(s).

2.2.2 Verify no pressure or fluid present at either side to the fluid/gas

interface, remove caps and mate fluid/gas umbilical.
NOTE: Present ERNO Spacelab description indicates a single utility bridge
combining fluid and electrical interfaces in one unit,
2.2.2.1  Verify tunnel seal surfaces clean and intact, mate'tunnel to orbiter
interface. |
2.2.3 Disconnect hoisting GSE and holst clear of payload bay, retain in the
area. '

Support Requirements for Functional Block 2.2

Support requirements remain the same for this furction, all GSE remains

until completion of OIT.



Elock

Block

Bloek

Block

Block

Block

Block

Block

Block

Bloek

2.3 Payload Preliminary Closeout

Conditions: Payload has been physically and functionaily mated to the
Orbiter.
2.3.1 Remove protective covers from the Remote Manipulator System (RMS)
arms. (Reference onlybnot a payload fﬁnction).
2.3.2 Remove protective covers from the payload bay door mounted radiators.
(Reference only,‘notla payload function).
2.3.3 Remove all non-essential GSE and stow. Betain in_area.

Support Requirements for Functional Block 2.3

Same as 2.2

2.k Perform Orbiter Integrate Test (OIT)

Conditions: Preliminary paylo&ﬁ close oul has been completed. Orbiter
support aveilable and verified. |
2.4.1 Configure orbiter, payload, and associated GSE to‘support QIT
positioﬁ switches and circuit breakers per test procedures and verify.
2.4.2 Apply ground power to_the reguired systems and vérify proper level

and distribution.

2.4.3 Verify functional path through Orbiter/Paylosd interface paths.
2.4, 4 Verify proper signal format and level for all operating payload
elements. '

2.4.4.1 Figure 2,2-2 ig a graphic representation of a typicai anomaly loop

and indicates various options in_effecting corrective action. Once the ancmaly
has been isolated, the decision on which path to follow will be a "real time"
decision besed on repair requirements and/or mission eriticality. It is assumed
that any anomaly associated with the Orbiﬁer or the Iﬁstitutional Ground Support
Equipmenﬁ will be the respbnsibility of KSC operational personnel, while anomalies

within the payload elements or Peculiar Ground Support Equipment will be corrected

by the payload operations personnel.
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Block 2.4.5 Upon final verifications of the correct readouts and functional
interfaces, secure from O.I.T. power down active systems and position all
switches and circuit breakers as called for in the 0.I.T. procedures.

Support Reguirements for Functional Block 2.4

Faeilities
Seme as 2.1 plus 115VACG 1¢, 60Hz, 2BVDC (power level) TED.

Ground Support Equipment

Cable sets, checkout
Hose sets, checkout and service

HIM's, LPS interface TBD

Support

Logistics

Procedures

Block 2.5 Payload Final Close-out
Conditiong: _Orbifer Integrated Test has been completed. O:biter and
Payloed have heen secured.
Block 2.5.1 Service flight systems as required.
Block 2.5.1.1 Fill compressed gas cylinders as follows:
Né, Op, CO» and natural gas to TBD PSI.
Service H,0 container to TBD pounds.
Service LNé'ﬁewér.
NOTE: This servicing may be done as part of OIT.
Block 2.5.2 Remove all non-flight hardware from the payload bay-and any non-flight
equipmgnt from the payload specialist station.
Block 2.5.2.,1 Retﬁrn all paylecad handling/checkout GSE to its proper positioﬁ.
NOTE: This PGSE may be stored at the launch site or returned to the
PI or CIS faﬁility.
Block 2,5.3 Close and latch payload bay doors, (Reference only, not.a payload

function).



Block 2,5.4 Remove payload bay doors GSE and return to storage (Reference only,
not a payload function).

Block 2.,5.5 Establish payload bay conditioning purge, verify payload bay
conditioning within specification (Joint responsibility, Orbiter and Payload).

Support Requirements for Functional Block 2.5

Facilities
Same as 2.1

Ground Support Eguipment

Service sets, NE’ 055 002, natural gas.

Service set, HEO portable.

Service set with dewar, LK.

Support |

As required to provide listed gas/fluid media.

This function ends with the Orbiter/Payload ready to prepare“for transfer

to the VAB.



Scenario: Activity 3.0 Prelaunch and Launch Operations

All payload operations are covered in this activity from tow of orbiter
VAB, mating orbiter in VAB, and preparations at PAD until liftoff. During
these periods this activity is concerned with payload monitoring, lsunch

readiness verification interface checks and final servicing prior to launch,

Block 3.1 Monitor Payload

After completion of payload final closeout in OPF this activity veging
and ends with MLP hard mounted at PAD. 'During this period the payload status,
the environmental control system, data system, and power systems are continuously
monitored. The monitoring requiremént exists through all activities up to
shuttle 1liftoff, so that the paylbad integrity is not affected in anyway in

which it would affect its performance during orbit.

Block 3.1.3 Monitor Payload Status

While in tow until MLP on hardmounts at PAD, the payload power system,
environmental requirements and LNé loaded on board the payload experiments
are monltored.

Facility Requirements

f28
0 Data Processing - val Orbiter Ground Link

o  Power 110VAC, 400Hz, 1.5KW, 3¢
28vpc, 1V5KW

Support Reguirements

o Envéronmental Control - Aux Equip - TBD

Block 3.1.1.2 Payload Status Anomaly

During this activity an anomaly could be loss of power, which would result
in payload/spacelab monitoring capabilities, or the failure of the envirormental
control system or data systems.

Facllity Requirements

o Date Processing -~ vie Orbiter Ground Link

o Power - 110VAC, LOOHz, 1.5KW, 3¢
28vpe, 1.5KW



Support Rgguiréments

o] Environmental Control - Aux Equip - TED

Bloek 3.1.1.3 Isolate Anomaly

The technician monitoring payload would have to observe conditions, and
try to iscolate problems to a particular system.

Facility Regquirements

0 Data Processing - via Orbiter Ground Link

o Power - 110VAC, LOOHz, 1.5KW, 3¢
28VDC, 1.5KW
Support Requirements

o Environmental Control - Aux Equip - TBD-

Block 3.1.1.4 Troubleshoot and Repair

When in tow, the technician/engineer will determine coﬁrse of action to
troubleshoot after the MLP is hardmounted at PAD. At that time the
technician/engineer will proceed to troubleshoot and repaif anomaly,

Fgeility Reguirements

o] Data Processing - via Orbiter Ground Link

o  Power - 110VAC, 4OOHz, 1.5KW, 3¢
28VDC, 1.5KW.

Support Reguirements

o) Envirommental Control - Aux Equip - TBD

Block 3.1.1.5 Verify System

Upon completion of repair of system, & verification test would be performed
to verify system functions as required to maintain integrity of payload.

Facllity Requirements

o Power - 110VAC, LOOHz, 1,5KW, 3¢

28VDC, 1.5KW

Support Reguirements

) Environmental Control - Aux Equip - TBD



Bloek 3.1.2 Payload Status Monitoring

A continuous effort until liftoff to observe payload monitoring
requirements function as required to masintaein integrity of payload.

Facility Requirements

o] Date Processing - via Orbiter Ground Link
o Power - 11OVAC, 4OOHz, 1,5KW, 3¢
28vDC, 1.5KW

Support Requirements

o Envirommental Control - Aux Equip - TBED

Block 3.2 Launch Readiness Verification

Begins with arrivel at MLP at launch pad and MLP hard down on PAD mouats,
and ends with cabin hatch in closed position. During this period the payload
will be monitored, as in Activity 3.1, the launch readiness payload verification

checks will be performed, live specimens loaded on payload/Spacelab for migsion.

Block 3.2.1 Payload Status Verification

After arrival at PAD, access to the Orbiter payload Specialist Station
to perform an orbiter to payload interface verificatiﬁn.' The verification would
check the operational capabilities of the controlé and switcheé required to
operate the payloads on orbit, and verify interfaces for command, and data

acquisition and processing.

Facility Requirements

o  Data Processing - wia Orbiter Ground Link

o  Power - 110VAC, LOOHz, .1.5KW, 3¢
28VDC, 1.5KW

o Menitoring - LPS

Support Requirementsg

o] Envirommental Control - Aux Equip - TBD
o) Biolog - IAB - Portable at Launch Site

0 Handling Equipment -~ Experiments



Block 3.2.1.1 (continued)
Whatever the anomaly, we would proceed to resclve anomaly prior to liftoff.

Facility Requirements

o Deta Processing - via Orbiter Ground Link
) Power - 11OVAC, LOOHz, 1.5KW, 3¢

- 28VDC, 1.5KW
o] Monitoring LPS

Support Requirements

o) None

Block 3.2.1.2 Isolate Anomaly
The techniciané/engineers performing the verification checks would ispiate
the anomaly to either Ground Support Equipment, Payload/Experiment or Ofbiter
Systems., After the anomaly has been isolated é typical approachlto resolution
of problem is shown on Figure3,} . The GSE/Payloed/Experiment - Off-line
maintenance would be performed by eiperimenter. Orbiter Systemé ﬁaintehance
resolution would be KSC responsiblity.

Facility Requirements

s Deta Processing - via Orbiter Ground Link
o Power - 110VAC, L4OOHz, 1.5 KW, 3@

28VDC, 1.5KW
ol Monitoring LPS '

Support Requirements -

o None

Block 3.2.1.3 Troubleshoot and Repair

A typical approach is shown on Figuresa,.

Facility Requirements

o] Materials Analysis Lab
0 Clean Lsab
0 Data Procesgsing

o] Calibration

ol Battery Lab and Storage



ACEIVITIES 3.1 MONITOR PAYLOAD AND 3.2  LAUNCH READINESS VERIFICATION

/';fa'/’e 3/

%,
) RN
NG
N
e,
KN
‘f\ﬁ\‘@
REF, REF, 3.1.1 3.1.2
- MOVE MATE MONITOR PAYLOAD
OBRBTTER |— ORBITER 10 PAYLOAD STATUS
0 VAR SHITTLE STATUS MONTTORYNG
3.1 3.1.1.2 3.1.1.3 3.1.1.4 3.1.1.5
MONTTOR ead 1l sowate - TROUELESHOOT | vmoe
PAYLOAD it ANOMALY T BYSTEM
-
3.2 : REF, 3.2.1 3.2.3 3.2.4
LAUIOH PAYLOAD C/0 PAYLOAD PAYLOAD STATUS VERIFY P/L
HEADINESS “ROOM . STATUS VERIFICATION FLIGHT
VERIFICATION EXTENDED VERTFICATION COMELETE CONPIGURATION
3.2.1.1 3.2.1.2 3.2.1.3 3.2.1.k
PAYLOAD TROUBLESHOCT VERDFY
STATUS : fmgmﬁ [ | & PAYLOAD
ARGMALY REFAIR STATUS
. : 3.2.5 3.3
322 3.2.2. j BAY AREA Ristioeidt
- | vERIFY FIIN
|| reenzcmaTION m
: STORAGE .
3.2.2,1° : 3.2.2.?' '3.2.2'.3
STORAGE & L} storace
ANDMALY REFATR CAPARTLITY



Facility Requirements (continued)

© ,Radiclogical Lab
o Film Lab

0 Machine Lab

© Zoology Lab

o) Elect Lab

o Vacuum Chamber

Support Requirements

0 | Transportation

o Biology Lab - Portable Type
o] X-Ray

o] Slings

o Forklifts

o Cranes

Block 3.2.1.b4 Vérify_Payload Status - Off-Line
After the resoclution of the Spacelab/Payload/EXperiment/GSE anomaly, a
verification check would be made prior to installation in payload bey to show
that it can now support the defineq performance requiremeénts of the mission,

Facility Requirements

0 Materials Analysis iab
o Clean Lab

o  Data Processing

o} Calibration Lab

) Battery Lab and Storuge
o Radiclogical Lab

o- ?ilﬁ iab

-o ‘ Méchine Lab

0 - Zoology Lab

o  Megh Lab o S



Facility Requirements ({continued)

s

0

a

Biclogy Lab
Elect Lab

Vacuur Chamber

Suppert Reguirements

o

O

Block 3.2.2

GSE - THED

Special Test Equipment -:TBD
Tranéportation |

Biclogy Lﬁb - Portable Type
Slings |

Forklifts

Cranes

Verify Film Refrigeration Storage

A verification check is performed to check Spacelab storage environment

prior to loading film on experimente in payload‘bay.

Facility Reqpiremeqts

o]

Power - Orbiter power for Spacelab environmental system

Support Requirements

Q

Block 3.2.2.1

None

Film Storage Anomaly

Return film to storage area until environmental anomaly is resolved.

Facility Requirements

o

Power - Orbiter power for Spacelab environmental system

- Support Requirements

o

Transportation

Block 3.2.2.2 Troubleshoot and Repair

A typical approach is shown in Figuré S,A—

Facility Requirements

0

Mech Lab - if off-line



Block 3.2.2.2

Facility Requirements (continued)

o} Elect Lab - if off-line
o} Power - Orbiter power for Spacelab environmental system

Support Reguirements

o Transportation

Block 3.2.2.3 Verify Storage Capability

After resolution of environmental anomaly verify the storage unit is
ready for film storage.

Facility Requirements

o Power - Orbiter Power for Spacelsb environmental unit

Support Requirements

o None

Block 3.2.2.4 Load Film
The verification check of the storage dnit was performed with no problem,
and if an anomaly did occur it has since been resolved and the film can now be

rlaced on-board the orbiter.

Facility Regquirements
o Power - Orbiter power for Spacelab envirommentel system

Sﬁpport Requirements

o None

Block 3.2.3 Payload Status Verification Complete

The verification check was performed with no problems, and if an anomaly
did occur it has since been resolved and the payload is ready for flight.

Facility Requirements

o Data Processing - via Orbiter Ground Link
o  Power - 110VAC, 60Hz, TBD(KW)

- 28VDC, TBD(XKW)

o Monitoring LPS



Block 3,2.4 Verify Payload Flight Configuration

Prior to securing OBSS, Spacelab and payload hay & check is made to verify
that all experiments, controls, switches, etec. are in flight readiness configuration.

Facility Requirements

o] Dats Processing - vﬁa Orbiter Ground Link
) Power - 110VAC, 6QHz, TBD(KW)

- 28vDC, TED{KW)
0 Menitoring LES

Support Reguirements

-

o None

Block 3.2.5 Secure Payload Bay Area

Secure all PPE used in verification checks between OPSS, Spacelab and Payload.

Facility Requirements

o None

Support Reguirements

0 TED

Block 3.3 ' Payload Final Servicing

During this period the payload Wiil be monitored, as in Activity 3-1
through liftoff. The payload final servicing will consist of hydrazine loading,
LNo top-off and fggding the live specimens on board prior to laﬁnch. Access
is ;equired through Orbiter cabin to Spacelsb, and to Péyload Bey Area through -
Payload ch?ngeout room. In parallel off-line support the LNé deﬁars will be
prepared for servicing, so as to be ready Wheh LNé top-off is‘required. After
final servicing, the Payloaq/Spacelab/Orbiter will be secured and the orbiter

shuttle will proceed with countdown and liftoff. 6’2{’, ~; g 3'3.)

Block 3.3.1 Verify Paylocad Systems

Access is required through Orbiter cabin to Spacelasb to top-off LN> and
load live specimens on-board. Alsc, access to payload bay areas required for

hydrazine propellant loading.
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Facility Reguirements

o  Fluids - LN,, GNp, Hydrazine Propellants
o  Power - 110VAC, L4OOHz, 3@, O.5KW

- 28vDe, l»OKW.
o Data Processing - via Orbiter Ground ILink
o Monitoring LPS

Support Reguirements

o} None

Bloek 3.3.2 Final Servicing Preparations

Install/connect GSE gervicing equipment to pajload'in preparation for loading

Lo,
Facility Requirements
o Payload changeout room
o Power - 110VAC, L4OOHz, .5KW, 3¢
- 28VDC,.1.0KW ‘
Support Requirements
o GSE - TBD
| o] GSE - LN, Dewars
o  GSE - Integrated Electronic
o Safety
Block 3.3.3 Losd LNQ.

With the arrival of the LN» dewars, connect the dewars to servicing GSE

and proceed to load LN>.

‘Facility Requirements

o Monitoring LPS
V) Data Processing -~ via Orbiter Grou;d Link
o .Power - 110VAC, L4OOHz, .5KW, 3¢
- 28vDbC; 1.0KW
0 Fluids - LN,, Hydrazine Propellaﬁt



Support Requirements

o Safety

Block 3,3.4 Final Servicing Verification Complete

The LN2 system monitoring check was performed, serviced and completed.

The srea is safe for loading live specimens.

Facility Reguirements

o Monitoring LPS
o Data Processing - via Orbiter Ground Link
o Power - 110VAC, 40Oz, O.5KW, 3¢

- 28VDC, 1.0KW

Support Requirements

o Medical Baseline and Preparation Lab

o} Life Support and Protective System Prep Lab

o Specimen and Sample Transfer Units

o Specimen Hblding.Unit (Transfer and Loading Spacelab)
o Safety

o] Transpor%ation

©  Handling Fixtures/Slings

Block 3.3.5.1 Becure Facilities

Secure 8ll facilities on MLP in support of payload monitoring, verification

checks and servicing.

Facility Requirements

o None

Support Requirements

Q None

Block 3.3.5.2 Secure/Disconnect GSE
Secure/disconnect all GSE on MLP, Payload Changeout Room, used in support

of payload monitoring, verification checks and servicing,

Facility Requirements

(o} None



Support Requirements

0 Transportation - TBD

4] Safety

Block 3.3.6 Secure Orbiter

Payload bay, payload/experimenta are now completely secured and Launch
Operations can proceed toward countdown and 1iftoff.

Facility Requirements

o None

Support Requirements

o None

Block 3.4 Off-Line Support

Off-line Support is any activity required for support of verification,
servicing, monitofing, ete. that will be used to support the processing of the

payload through Launch Operations.

Block 3.ht.1 Prepare LN, Dewars

The preparation* is an off-line activity for top-off of LNy on payload
during final servicing.

Includes disassembly/assembly of dewars forlcleanihg, calibration and
proofing of hoses.

Facllity Requirements

o  Mech Lab with laminar flow bench
fo) Clean Lab
o Calibration Lab

Support Regquirements

o Transportation - TBD

Block 3.h.2 Validation of Dewars
TFunetional tést of dewars prior to servicing.

| Facility Requirements

o Mech Lab
a  Power - TBD



Facility Reguirements {continued)

o Fluids -~ GNp, Ll

Support Requirements

o] None

 Block 3.L4.3 Transferring Dewars to Area for LN, Loading

Facllity Requirements

o None

Support Requirements

o Transportation - THD

Block 3.hk.4 Service INs Dewars

Configure LNp dewars, load, and verify dewars are ready to support top-off
of payload experiment.

Facility Reguirements

o] Fluids - LNp, GNy
o Power - TBD

Support Requirements

o Nene

Block 3.4.5 Transfer LN, Dewars to MLP

Upon completion of servicing transfer LN> dewars to MLP to suppdrt top-off
of payleoad/experiment.

Facility Requirements

(s None

Support Requirements

o] Transportation ~ THD



Block

Block

3.6 Typical Off-Line Maintenance - *Experiment/Payload/GSE
The off-line maintenance for experiment, payload, and GSE in direct support

of the experiment is the responsibility of the experimenters. The maintenance

is performed in the support facilities, required for trouble-shooting,

repair and verification, ag defined in Facilities Requirements for their
particular experiment/payload/GSE. A typical off-line maintenance flow is

shown in Figure 3,d

3.6.1 Transfer to Repair Facility

Tnitial step in off-line maintenance is to transfer experiment/payload/
GSE to specific facility required to support maintenance of ancmaly.

Facility Requirements

o Materials Analysis Lab
o Film Lab

(o} Battery.Lab.and Storage
o Clean Lab

o Zoology Lab

o Calibration Lab

o) Biology Lab

fa} Rediological Lab

o] Vacuum Chamber

o] Elect Lab

o Machine Shop

o Date Processing

0 Mech Lab

Support Reguirements

o Biology Lab - Egg%able at Launch Site
o Transportétion

o} Cranes

s} Handling Fixtures

o Forklifts.
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-Bloeck 3.6.2 Troubleshoot and Repair

Perform all steps necessary for trouble-shooting and repair of Spécelab/
experiment/payload /GSE anomaly.

Facility Requirements

o] Battery Lab and Storage
o] Cleaning Lab

o Zoology Lab

o} Calibration Lab

0 Biology Lsab

o Fiim Lab

o Data Processing

o Radiological Lab

0 Vacuum Chamber

o Elect Lab

0 Mech Lab

o Materials Analysis Lab

Support Requirements

) Logistics Spares

Block 3.6.3 Validate Equipment

Performence of test to verify anomaly has been repaired and experiment /
payload/GSE is ready to support mission.

Facility Requirements

0 Power - THED
0 Fluids - TBD
C Gases - TED

Support Regquirements

o) Test Equipment - TRD

o) Support GSE - TRD



Block 3.6.4 Prepare (*@¢€) for Transfer to Orbiter Paxload Bay

Perform all steps necessary to prepare *experiments, paylosd/GSE for
transfer back to Orbiter Spacelab Payload Bay, while still msintaining integrity

of experiment.

Facility Requiremeﬁts
o} ?ower -~ TED
0 Fluids - TED

-0 Gas - TED

Support Requirements

o} Transportation
o Forklifts
o] Handling Fixtures

0 Biclogy Lab - Portable at Launch Site

Block 3.6.5 Return to System/Experiment Verification
Reinqtall experiment payload, GSE back to configuration to support mission.
Verify electrical/mechanical interfaces as required, and verify mission support
capabilities of system.

Facility Regquirements

o} Power - TBﬁ

o  Fluids - TED

o] Gag - TED

o Date Processing
o} Monitoring LPS

Support Requirements

o TED

Block 3.7 Typical - Payload/Orbiter - Maintenance Flow

The Orbiter Support System for Payloads are Orbiter (KSC) responsibility.
If an anomaly occurs between the interfaces, such aé in the Daﬁa Processing System

or Environmental System, the appropriate Orbiter (KSC) representative would be



Block 3.7 (continued)
notified and KSC would proceed with resolving anomaly. After resolution,
nowl
interfaces would be verified to determine if .mew-payload i&ﬁready'to support

its missicon in orbit.

Facility Reguirements

0 KSC Regponsibility

Support Requirements

(o} KSC Responsibility



Scenario - Activity

Block 4.0 Post Tanding Operations

With thg Orbiter hard mounted in tﬁe OFF, the Orbiter Support Systems are
switched to facility services and preparetion for safing and removal'of payload
elements begins. Safing completed, the time crifical items are removed, andg
the GSE processing for removal of payload doors and payload proceed until
"payloed is securely mounted on transporter and is transported o the Payload

Post-Mission Processing Area.

Block 4.1 Switch to Facility Services and Safe Payload

The Orbiter Support Systems are switched to facility services; such as,
poﬁer, cooling, and instrumentation. Purge and Dry Payload elements (as
applicable) commenées until payload is envirommentally safe for personnel access.
The switch over to Payload Ground Monitoring, if applicable, is also verified

during this activity.

Block 4.1.1 Payload Support System Verification

The paylosd bay area has been purged and the change over to facilities for
power, cooling, instrumentation for grouhd monitoring has been compieted and
verified operational.

Focility Requir ementsg

o Power - 110VAC, LOOHz, 1.0KW, 3¢
- 28VDC, 1.0KW:

Support Regquirements

o None

Block 4.1.2 Payload Environment Safe

A verification by safety that the payload area is eﬁ#ironmental safe for
perscnnel access.

Facility Requirements

) Power - 1L10VAC, LOOHz, 1.0KW, 3¢

-~ 28VDC, 1.0KW



Support Reguirements

o Safety

Block L.p Remove Time Critical Flight Experiments

The payload bhay area safe for acceés, the eXperimenters can perform the
tasks necessary for the removal of time critical flight experiments; such as,

film and live specimens from Spacélab. Proceed to conduct post mission experiments.

Block b.2.1 Place Ttems in Applicable Containers/Carriers

Upon access to payload, the experimenters remove the time critical flight
experiments; such as, film, and place them in-applicable containers/éarriers.

Facility Requirements

o - Power - 11O0VAC, LOOHz, 1.0KW, 3¢
- 28vpC, 1.0KW

Support Requirements

u] None

Block L.2.2 Remove from Orbiter Payload Bay

The Time Critical Flight Experiments are ready for removal from Orbiter
Payload Bay, and are transferred to the appropriate processing area.

Facility Requirements

) Power - 110VAC, 4OOHz, 1.0KW, 3¢
- 28vDC, 1.0KW

Support Requirements

o] Transportation

o Dark Room

Block U4.3 Open Payload Bay Doors and Install Paylosad GSE

After the thermal protection system, the Payload Bay Doors asre removed
ni . ' , :
and the mahpulator arm deployed, the experimenter is responsible for ingtallation

of paylcad bay access stands.

Block 4.3.1 Install Payload Bay Access Stands

The experimenter5install payload access stands, as required for removal

of payload from Orbiter Payload Bay.



Facillity Requirements
o  Power - 28VDC, 1.0KW

Support Reguirements

Aux Equipment - Environmental Control - TED

Bloek L.L Remove Payload

The removal of Payloéd includes all the taské; such as, attaching payload
handling GSE, demating of the Payload/Orbiter interfaces, the removal of access
stands, and finally the removal from payload bay and placement on payload

transporter /handling fixture.

di
Block M.4.1 Attach Payload Hanlding GSE
The Payload Hendling GSE; such as, slings are now moved into place and
connected to lifting points on payload.

Facility Requirements

o Power - 28VDC, 1.0KW

o Crane - 25,000 1lbs. capability

Support Rgguiréments

o Handling Fixtures/Slings

o Aux Equip - Environmental Control - TED

Block L.k.2 Demate Payload/Orbiter Interfaces
The Payload/Orbiter Interfaces are disconnected and the payload is
inspected for approval for removal from Crbiter. - '

Facllity Requirements

) Power - 28VDC, 1.0KW
o Crane - 25,000 lbs.

Support Rgguiremehts'

©  Handling Fixtures/Slings

o Aux Equipment - Environmental Control - THED



Block 4.4.3 Remove Access Stands from Payload Bay

The experimenters remove the access stands in order to clear the payload
bay area for removal of payload.

Facility Requirements

o} None

Support Requirements

o Handling Fixtures/Slings

Bloek L, 4.4 Remove Payload from Payload Bay

The Payload is 1lifted from the payload bay and installed/mounted on the
payload transporter/handling fixture.

Facility Requirements

0 Power - 28VDC, 1.0KW

o} Crane ~ 25,000 1bs.

Support Reguirements ' i
o Handling Fixtures/Slings
0 Safety
ol
o Clean Room - Protable
o Aux Equipment - Environmental Control - TRBD

ol Pallet - Handling Fixture

o] Spacelab - Handling Fixture

Block L4.5 Move Payload to Post Mission Processing Area
After payload is installed/mounted on transporter verify payload monitoring
system is operating, if applicable, and payload is secure and proceed with

transfer to Post Mission Processing Area.

Block 4.5.1 Verify Payload Secure or Transporter

Experimenter verifies payloed monitoring system is operational, and payload

is securely mounted on transporter.



Facility Requirements

o Power - 28VDC, 1.0KW

o] Crane - 25,000 1bs.

Support Requirements

o Clean Room/Encleosure - Portable

o Auwx Equipment - Environmental Control - TED

Bloek L,5.2 Move Payload to Post Mission Processing Area

With peyload secure in transporter, proceed to Post Mission Processing
Area.

Facility Regquirements

o Power - 28VDC, 1.0KW.
)

Support Requirements

© Clean Room/Enclosure - Portable

o Transportation - Tractor

o Aux Equipment - Environmental Control - TED
o] Security

0 Safety
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5.0 Post Mission Processing - Mission #1b

The activities coptainéd within this functional block defines the procegsing
required following flight and prepares the various payload elements for return
to their post mission sites. Figure 2.5-1 graphicallj depicts this flow.

The following assumptions were made in defining this flow:

(¢ Vehicle hes been safed and verified.

o All pressures have been vented to nominal values.

o All lines have been purged, padded, and capped.’

o All exposed electrical connectors have been capped,

o  All other activity in Functional Block 4,0 has been completed.

5.1 Inspect Payload

Conditions: Spacelab has been delivered to the Pfemission Processing
Facility and wiped down in the airlock.
5.1.1 Position payload and access GSE in the proper area.
5.1.2 Remove all protectiveé covers and/or panelé to gain visual access to
all payload elements.
5.1.3 Visually inspect all payload elgments‘for physical demage and document
the discrepancy. | |
5.1.4 Remove any remaining flight data and deliver to the proper agency,
5.1.5 Clean payload elements as required. |

Support Requirements for Functional Bloeck 5,1

Facilities
Floor Space 840 sq. ft. (30 x 28)
O/H crane 10 ton capacity

Ground Support Egquipment

Work/Access stands set
Handling eQuipment, covers

Support

Crane Operator

Logistics

Procedures
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5.4 Remove Access Tunnel and.Aft Bulkhead from Pressurized Section

Conditions: ERemoval of the access tunnel and aft bulkhead may prdceed
following cleaning and inspection.
5.4.1 Attech handling GSE and unlatch mechanical attachments between tunnel
and pressure section.
54,2 Demate access tunnel, inspection seal surface on tunnel and pressure
section, install protective covers.
5,4,3 Install tunnel on transporter, inetall transport protective cover(s),
establish proper atmosphere for move to ready storage or refurbishment.
5.4.4 Attach handling GSE to aft bulkhead and unlatch attach points between
bulkhead and pressure section. |
5,4,5 Demate aft bulkhead, inspect each side of sealing surface, install
protective éover35 |
5.4.6 Install bulkhead on transporter, install protective cover(s),
establish proper atmosphere for move to ready storage or refhrbishment.

Support Reguirements for Functional Block 5.4

Facilities
Same as Block 5.1 plus prime mover.

Ground Support Equipment

Handling equipment, tunnel and bulkhead transporters, tunnel and bulkhead
GN, regulating unit protection set, seals. L

Support

Prime mover cperator.

Logistics

Procedures.-

5.6 Remove Experiment Section

Conditions: Aft bulkhead has been removed and protective cover(s) is in
place.

5,6,1 Attach handling GSE and emplace access ramps and stands.



5.6,2 Demate all fluid/gas and electricael interface connections. Release
mechanical attach points. Remove experiment section from the pressure section.
Cap lines and plugs.

5.6.3 Pogition experiment sections on transporter.

5.7 Remove Racks/Rack Sections and Floor Assemblies

Conditions: Aft bulkhead has been removed and experimeqt sections have
been removed.
5.7.1 Attach handling GSE and emplace access ramps and sfands.

(Access ramps and stands may -remain from precediﬁg step.)
5.7.2 Demate all fluid/gas and electrical interface connections. Release
mechanical attach points. Remove assemblies from the pressure section. Cap all
lines and plugs. |

5.7.3 Position racks/rack sets and floor assemblier on tranaporters.

Support Reguirements for Functionsl Blocks 5.6 and 5.7
Facilities
Same as 5.1.

Ground Support Equipment

Handling equipment, experiment sets
Transporter, experiment gection
Conmtainers, racks/floor assemblies.

Logistics

Procedures

5.8 ‘Transport Experiment Section

Conditions: Units have been removed from the pressure sections and are in

place on their transporters.

5.8.1 Secure experiment section to the transporter attach points,
5.8.2 Install transporter support GSE.
5.8.3 Install cover(s), purge and establish proper atmosphere for transport.,

5.8.4 Move transporter with the experiment sections to shipping area.



5.8.5 Load transporter into transfer velicle tiedown and secure. Verify all

monitoring devices ¢perational.

5.9 Transport Racks/Rack Sets and Floor Assemblies

Conditions: Unit(s) has been removed from the pressure sectlon and 1s in

place on the transporter(s).

5.9.1 Secure units to the transporter attach points.
5.9.2 Install transporter support GSE.
5.9.3 Install cover(s) purge and establish proper atmosphere for transport.

5.9.4 Move transpofter(s) with racks/rack sets/floor assemblies to shipping
area.

5.9.5 Load transporter(s) onto transfer vehicle tie down and secure. Verify
all monitoring devices operational.

5.9.5.1 Secure all GSE and return to storage ares.

Support Requirements for Functional Blocks 5.8 and 5.9

Pacilities
Same as Block 5.5 plus prime mover(s).

Ground Support Equipment

Same as Block 5.7
Tie down sets

Support
Vehicle operator{s)

Logistics
Procedures
Trénsportation

Warehousing floor space TRD



LIFE SCIENCES SHUTTLE IABORATORY (LSSL)
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Difference Between
Launch Site Facility Requirements Dats Sheet (Functional)
Revision A - Dated 8/31/74
| and

GAC Data

The differences in launch site requirements are included in the following
pages. The Data Sheet information is shown in parenthesis and followed by GAC

dete and logic basis. Requirements solely generated by GAC and not reflected

in the Data Sheets have not been dupliceited



1.4

1.6

1.7

B.

Receiving and Inspection

Payload Processing Area

LENGTH (ft WIDTH (ft) MIN HEIGHT (ft)
LENGTH (ft) WIDTH (ft) 7
(25) (20) (20)

38 ft. long, 1k ft. wide, and 8 £t. high for receiving/inspection

of four ratks/consoles and the centrifuge in series.

TEMP( °K RETATIVE HUMIDITY(%) _ CLEANLINESS
(298£3=77°F16) (50£10) ' (100K)

Study lists no requirements for these parameters. Data Sheet

#5-2h (Ground Environmental Limits) lists all data as THD,

Payload Peculisr Equipment

(200 £5.2)
2k ft, long, 1L ft. wide, 4 ft. high for two electrical ILSSL GSE
racks.

Install Racks/Rack Sets Including Isotope Vault

AND
Inatall Centrifuge

Peyload Proceasing Area

IENGTH (ft) WIDTH (ft) MIN HEIGHT (f%)
(25) (25) (20)

60 ft. long (Spacelab = 37 ft., loading/unloading assembly = 20 ft.,

clearance = 3 ft.), 21 £, wide (Spacelab = 15 ft,, clesrance = 3 ft,

each side), and 20 ft. high (Spacelab and stand - 18 ft., clearance

=2 ft.).
TEMP({ °K RELATIVE HUMIDITY (%) CLEANLINESS
(298+3=77°F16) (50£10) 100K

Study lists no requirements for these parameters. Data Sheet #3-24

(Ground Envirommental Limits) lists all data ag TED.

DC Power

VOLTS (DC POWER (XKW
(28) (2.0}



1.7B

1.9

(continued)

3tudy lists no requirements for power during the rack/console/
centrifuge installation activity. Date Sheet #S-23 (Ground Facility
Requirements), and Data Sheet #S-24 (Ground Environmentsl Limits)
contain no LSSL monitoring/equipmenﬁ cperating requirements. There
are power rEquirements for the Life Sciences Preparation and
Post-Flight Receiving Laeboratories, as well ﬁs monitoring fequirements
at Launch Pad/Lift-off (Dats Sheet #5-19); however, the installation

of equipment in the Spacelab does not involve these power requirements.

Special Handling

(W/a)

The Study uses the "Loading/Unloading Concept Rack Assembly” described

in the "Spacelab, Preliminary Technical Description" document, page 46,
Tn addition, the Study identifies an overhead crane, 2000 lbs. capacity,

for installing the centrifuge.

Instell Crew Accegs Tunnel

(Datae Sheet includes requirements for teMperéture, relative humidity, and

cleanliness class., In addition, Note 1 Btates these environmental

requirements refer to storage and assembly areas which correspond to

Spacelabh internal environment to be maintained once Spacelsb is assembled.

(o]

Study assumes that tunnel installstion is not an experimeﬂt-related
tagk, that the installation will be performed by launch site personnel
{who process all Spacelab elements except pallets-this is a Study
ground rule), thus Study does not include Block 1.9 activities for

support/facility requirements.

As a comment, however, the basis for the environmental requirements
is unknown. During Block 1.9 activities, there remains dovnstream
the activities of Block 1.13 (Final Integrated Systems Test) and

Block 1.14 {Service non-time eritical items). Thus, it appears that



1.9 {continued)
at this stage in the processing, there are no specimens aboard, and
Level B data for the hardware in a.non-operating ground environment

is TED.

1.13 Final Integrated Systems Test

Al Payload Processing Area

‘(Data Sheet inclﬁdes requirements for temperature, relative humidity,
and cleanliness class. In esddition, Note 1 is referenced. Please
seeparégraph Block 1.9 above.)

o  Study includes no environmental requirements for LSSL hgrdware.

Please see paragraph Block 1.9 above.

B. DC and AC Power

Volts (DC)'=(28) .
Power (KW) =C2.0)
Volts (AC) =@15)
Hertz =CH06)
Hmm={3\
Power (KW) =(}.5)

o Study includes no power requiféments for Final Integrated Systems
Tést. The Study considers:thig«test to be a verification of the
interface between the Spacelab and the Orbiter, usiné the Orbiter
Simulator to provide the Orbiter functions. The LSSL requirements
would have been integrated previously with thcse of the Spacelsab,
would not be broken out separately since they would be misleading,
and are minor in comparison to the demands made on the Orbiter
Simulator (or Orbiter) by the Spacelsb. Thus, Data Sheet #5-15 lists
28VDC off-duty = 2688W, on-duty = 2826W at LSSL-Sbacelab interface
during Mission Operations which appears not appliéable to Block 1.13

activities since racks/congoles centrifuge are not beilng operated.



1.13B

1.4

1.16.1

1.17

(continued)

The requirement for 115VAC may be derived from Data Sheet #S-23

(Ground Facility Requirements) which lists 115 VAC, and 28 VDC,

20-30 KW, for Life Sciences Preparation and Post-Flight Receiving

Laboratories, the processing of which is not comtained in the Study.

Service Non-Time Critical Ttems

Payload Procesging Area

(Data Sheet includes requirements for temperatufe, relative humidity,
and cleanliness class.)

Study includes no requirement. Flease see paragraph Block 1.9 sbove. -
Fluids

(Data Sheet includes requirements for Media, Press, Flow Rate, Temp,

and Cleanliness Spec.)

| Study includes no facilidy requirements, since LSSL LevellB data

does not define non-time critical service items., It is noted that
MSFC Spec 234 is called out for GNé, 0o, COp, and Hy, and the Study
asgumes these items would be furnished by the user (LSSL) rather than
impose them on the Launch Site Facilities., In addition, LNo servicing

is listed as & non-time critical item which appéafs inappropriate.

Weigh Spacelab

(Data Sheet contains payload processing area and special heandling

~ requirements for this activity.)

Study does not contain this block in the functional flow processing.

'However, the comment is offered that & Wéight and C.G. Test would be

performed by launch site personnel and would rot involve experiment-

related activities.

Move to OFF - Secure GSE

(Data Sheet has environmental requirements for Temp, Relative

Humidity, and Cleanliness Class.)



1.17 {continued)
3] Study containg no envirommental requirements for LSSL during

move from PYF to OFF. Please see paragraph Block 1.9 above.



LAUNCH SITE FACILITIES REQUIREMENTS (FUNCTIONAL)

2,0 Orbiter/Payload Mate and Integrate (Life Science Shuttle Laboratory)
2.1 Instell Paylosd in Orblter Psyload Beag

0 Ares Requirements: {25'L x 25" W x 60'H)

The Space lab dimensions, as given in the ERNO description book are 23'L

X 13°D. The 25' length identified on the data sheets would not allow for
work stands or adequate end access. Allowing for stands ﬁnd access aisles
(4* work stands and 6° ais%es) plus an addifional 10! aft of the Lab

for work benches, roll arcunds etc., the area would be 23 + 2(4) + 2(6)+10
X 13+ 2(hk) + 2(6) or 53" long x 33' wide. The héight of 60' is

adequate for the meting - operation,

o Environment: 2,1 through 2.5 {Temp 298+3°K, Humid. 50+10% and Cleanliness

Class 100,000)

This requirement appears logical for the mating operation, however, notq[f&

stéxes External Environhment N/A. GAC feels the faclility environment
should meet the same specification to allow open saccess to the Spacelab
interior without special precsutions being necessary to preserve the

interior condition.

o Fluid Requirements: 2.1 through 2.5

N/a
Although from the Level B descriptions no firm requirements are discernible
in this function, future, more detailed procedures for final closeout
and Integrated Test may dilctate thérservicing of vgrious fluids and gases
during this portion of the pre-lmunch flow. It is recommended fhat early

effort be placed on solidifying procedures,



Block

Block

Block

Block

Block

LAUNCH SITE FACILITY REQUIREMENTS DATA SHEET {FUNCTIOMAL)
3.0 Prelaunch and Launch Operations
3.1 Monitor Payload (60 hours)
Function - The LDEF is a "passive" experiment which has no monitoring

requirements. Therefore the time estimate of 60 hours should be deleted.

3.2 Launch Readiness:.Verification/Orbiter Cabin Closeout (8 hours)

During thin period, an operational check to verify thélmonitoring capabilities
of the A-Q equipment and the recorder located in the OBSS is recommended._ Facility
requirements to support this verification ane as follows:

Power -~ 28VDC, (TBD)KW

Other - Monitor - LPS

Access required to ORSS

Data Processing via Orbiter Data Computer

3.3 Payload Final Servicing (4 hours)
Funetion -.Thé LDEF is a "passive” experiment which hds no final servicing

requirements. Therefore, the time estimate of 4 hours ghould be deleted.

3.L Off-line Support (Not on Functional Data Sheets)

On a contingency basis, the LDEF should have the capabilities to perform
any maintenance, repair or checkout to support the launch mission. Although the
requirement is on a contingency basis, the following requirements should be
considered as part of the physical requirements.

Power - TED

Fluids - TBD



LAUNCH SITE FACILITY REQUIREMENTS (FUNCTIONAL)

Block 4,0 Post Landing Operations Life Science Shuttle Lab

Nb-payload activity, except refrigerator power required until:

Block L4,L Remove Payload

o  Ares Reguirements: (N/A)

When the Lab is removed from the Orbiter Bay, it must be positioned on
or in a transport vehicle, space will be required for this operation, Basged
on the same logic used for function 2.0, the area required would be 53' long x

33" wide; the hook height required for the demste would be 50' minjimum,

o Specisl Handling N/A

To remove the LSSL from the payload bay requires an,O/H'crane of 11 tons

capacity.

No other recommended changes.



LAUNCH SITE FACILITIES REQUIREMENTS (FUNCTIONAL)

LIFE SCIENCE SHUITLE LABORATCRY

Block 5.0 Post Mission Procegsing

o Area Requirements (25'long x 20'wide x 20'high)

The space lab dimensions, as given in the ERNO description book are
23'1long x 13'deep. The area requirements are inadequate and would not allow
for work stands or adequate end access; Allowing for stand and access aisles,
work stand, roll arounds, gtc., the area required should be a minimum of

53'long x 33'wide. The height of 20' is sdequate for removal of the space lab

from payload transporter.



LIFE SCIENCES SHUTTLE LABORATORY (LSSL)

18-09-8

Difflerences Between
Launch Site Facillity Requirements Data Sheet (Physicai)
(Revision A - dated 8/31/7h)
and

GAC Data

The differences in launch site requirements are included in the following
pages. The Data Sheet information is shown in parenthesis and followed by GAC
data and logic basis. Requirements solely generated by GAC and not reflected in

the Data Sheets have not been duplicated.



Block

3.0

LAUNCH SITE FACILITY REQUIREMENTS DATA SHEET (PHYSICAL)
' .

Prelaunch and Launch Operations

Storage Ares - Non-Applicable for this functional flow. Storage

requirements are defined in functional activities 1.0 and 5.0.

Office

0O

Number Engineers/Scientists

(20)

During this activity, engineers are only required for the
verification checks, and therefore, minimum space would be
required in launch area. Assume two engineers at launch.site, -
and remaining sﬁppoit“engineeraiin-PPF.‘ Tbtaiifé);‘.

Number Technicians

(20)

During this activity, techniciens are only required for the
verification checks, and therefore, miﬁimum épace would be
required in launch area. Assume requirement for four ﬁechnicians
at leunch site and remalning support techniecians. in PP,

Total (8).



TAUNCH SITE FACILITY REQUIREMENTS (PHYSICAL)

Block 4,0 Post Landing Operations (Life Scilence Shuttle Lab)

o Storage Area: (LOO £t2)

Since no storage function is defined, no storage requirement exists.

There are no other recommended changes.



LAUNCH SITE FACTLITY REQUIREMENTS (FHYSTCAL) .

LIFE SCIENCES SHUTTLE LABORATORY

Block 5.0 Post Mission Procegsing

For comments refer to Activity 1.0 (Physical).



